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(57) Abstract: The present invention 
recognizes that lenses, such as contact lenses, 
can be pigmented using ink that include 
polymer or polycrcizable monomers, 
preferably the saoie monomers used to 
cake the leas. The ink can be used to make 
inagrs on ox within the lens. Images made 
using these inks are preferably digital and 
can be used in a variety of printing methods, 
including ink-jc: pricing. 
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TINTED LENSES AND METHODS OF MANUFACTURE 

The present application claims benefit of priority to United States provisional paten, 
application serial number 60/1 62,695 to Doshi, filed November 1. 1999, and United States 
provisional patent application serial number 60/21 8,710 to Doshi, filed July 1 7, 2000, each of 
which is incorporated herein by reference. 

Technical Fiflh 

The present invention generally relates generally to the fields of tinted lenses and methods 
of manufacture. 


BACKCROUTVn 

Tinted contact lenses have steadily gained in popularity since their introduction into the 
marketplace. In particular, colored contact lenses that include images that mimic the iris of an 
eye are particularly popular. However, colored contact lenses made by traditional technologies 
suffer from poor image quality and other difficulties, including leaching of pigments present on 
the surface of lenses, unnatural appearances, fading of colors and limited number of colors to 
choose from. The present invention addresses these problems, and provides additional and 
related benefits as well. 

A variety 0 f colored contact lenses and methods of making them have been described 
For example, United States Patent No. 5,018,849 to Su et al., issued May 28, 1991, describes 
colored contact lenses that form a laminated structure whe K by a pigment is provided on the top 
layer of the contact lens and opaque material ls sandwiched between two layers of the contact 
lens material, such as polymers. The opaque material blocks the natural color of the wearer's 
ms, and the pigment gives the wearer's eye the appearance of a desired color. These contact 
lenses have the undesirable quality of looking unnatural due to the limited number of colors that 
are avartable. In addition, during manufacture the opaque material and pigment are applied to the 
contact lens material in a plurality of steps, using one color per step. 
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In United States Patent Nc. 5 .034,166 to Rawlings el al.. issued July 23, 1991 , non- 
laminated colored contact lenses are described. The pigment in this type of colored contact lens is 
casted into the structure of the lens material. The pigment is dispensed one color at a time during 
lens manufacturing which limits the number of colors that can be used to make colored contact 
lenses. The resulting colored contact lens is undesirable because the wearer's eyes appear 
unnatural. Furthermore, the pattern and pigments used in this method is limited which results in 
an unnatural looking contact lens. Also, existing methods provide customers with limited 
choices of colors and patters and the lenses produced by these methods can provide pigments on 
the a surface of a lens, which can make the lenses uncomfortable for the wearer and prone to 
fading of the pigment. 

The colored contact lenses described in United States Patent No. 5,106,182 to Briggs et 
al., issued April 21, 1992, described a laminated colored contact lens. In this contact lens, 
pigmentation is provided on one portion of a contact lens using a pad transfer method usinga 
rubber stamp having raised radial segments. The pad transfer method applies pigment to the 
portion of the contact leas to form a crude pattern. The pad is then pressed to the portion of the 
contact lens to smear the pigment and the pad disengaged from the portion of a contact lens. The 
lens is rotated, and the process is repealed as desired. The resulting colored contact lens is 
undesirable because of the limited number of colors that can be used and the resulting 
pigmentation pattern has an unpredictable and unnatural appearance. 

United States Patent No. 5,160,463 to Evans et al., issued November 3, 1992, describes a 
colored contact lens made by applying a first pigment in a first pattern to a molding device. 
Additional pigments in additional patterns can be applied to the molding device in independent 
applications. The resulting image on the molding device can be transferred to a contact lens. 
The use of multiple printing steps is undesirable due to the increased number of applications that 
are needed to create an image. In addition, this method results in an image of unnatural 
appearance due to the limited number of colors that can be used to create the image. 

Colored contact lenses reported in United States Patent No. 5,414,477 to Jahnke, issued 
May 9, 1 995, relate to images that arc made using pad transfer methods to form a plurality of 
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dots of unnatural appearance. A plurality of printing processed can be used lo create an image 
comprising more than one color that reportedly results in an image with a more natural 
appearance. These dots are of relatively definite in shape and relatively large in size and thus 
have an unnatural appearance. The colored contact lenses made using these methods also have a 
limited number of colors and patterns that can be used, which results in an unnatural looking 
product. 

The present invention addresses the problems associated with described tinted contact 
lenses by providing an image on or within a contact lens that is of superior quality. The 
increased quality of the image results in a tinted contact lens that has a natural appearance. 

Brief Description of the Figures 

FIG. 1 depicts a schematic diagram of a method of printing digitally encoded images. Al 
denotes black ink; A2 denotes magenta ink; A3 denotes yellow ink; A4 denotes cyan ink; A6 
denotes color ink coat / layer of Al + A2 + A3 +A4. The digitally encoded image is printed on a 
surface such as a lens. 

FIG. 2 depicts diagram of laminate digitally encoded images encased within a structure. 
A6 denotes color ink coat / layer of black, magenta, yellow and cyan; A7 denotes partially 
polymerized monomer mix for clear lens; A8 denotes partially polymerized A6; A9 denotes fully 
polymerized clear lens. 

FIG. 3A depicts a method of encasing a layer of ink between a primary surface and a 
polymer layer. A5 denotes a monomer mix for clear lens; A6 denotes color ink coat / layer of 
black, magenta, yellow and cyan; A7 denotes partially polymerized A5; A8 denotes partially 
polymerized A6; A9 denotes fully polymerized clear lens; A10 denotes fully polymerized A6. 
FIG. 3B depicts a method of applying ink to a surface. 

FIG. 4 depicts a diagram of pad transfer printing method of the present invention. A7 
denotes partially polymerized monomer mix for clear lens; A8 denotes partially polymerized 
color ink coat / layer of black, magenta, yellow and cyan: A9 denotes fully polymerized clear 
lens. AIO denotes a fully polymerized A8. 


WO 01/40846 


PCT/USOO/41454 


FIG. 5 depicts a method of a lathe/fabrication process that can be used to produce lens or 
Ihe present invention. 


invention. 


FIG. 6 depicts cast molded method thai can be used to produce lens of the present 


FIG. 7A and FIG. 7B depict spin cast methods that can be used to produce lens of the 

present invention. 

FIG. 8A depicts examples of indentation structures that can be formed on the convex 
portion of the present invention and are depicted as filled with an ink of the present invention. 

FIC. 8B depicts examples of indentation structures that can be formed on the concave 
portion of the present invenrion and are depicted as filled with an ink of the present invention 
The indentation structures are not necessarily shown to scale and preferably are relatively small 
such that they have a volume of less than about 10 microliters, less than about 5 microliters less 
than about I microliter, less than about 0.1 microliter, less than about 1 nanoliter, less than about 
0.1 nanoliter or less than about 0.01 nanoliters. 

FIG. 9 depicts deposition of ink into a variety of indentation structures of the present 
invention. Different angles represent rotation of surface. Toe indentation structures are 
represented as being partially filled with an ink of the present invention. The remaining void 
volume in the indentation structures cat. be filled with, for example, a monomer or a polymer 
such as to crap the ink of the present invention. Droplets of one or more colors of ink can be 
deposued into such indentations to allow for a variety of colors to be presem in such 
indentations. 

FIG. 10 depicts a fixture for centering and masking for lenses, preferably but not limited 

to hydrated or partially hydrated lenses. 

FIG. II depicts schematic diagram of a variety of methods for printing digitally encoded 
images m conjunction with the present invention. 

FIG. 12 depicts schematic diagrams of a variety of methods of making polymers having 
primed d Igl tally encoded images. A5 denotes a monomer mix for clear lens. 
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FIG. 13 depicts diagram of laminate digitally encoded images within a structure of the 
present invention. A5 denotes a monomer mix for dear lens; A6 denoies color ink coat / Javer of 
black, magenta, yellow and cyan: A7 denotes partially polymerized AS; A8 denotes partially 
polymerized A6; A9 denotes fully polymerized clear lens; A 10 denotes fully polymerized A6. 

FIG. 1 4 depicts printing methods within a well on a surface of the present invention. AS 
denoies a monomer mix for clear lens; A6 denotes color ink coat / layer of black, magenta, 
yellow and cyan; A7 denotes partially polymerized AS; A8 denotes partially polymerized A6; A9 
denoies fully polymerized clear lens. 

Summary 

7T,e present invention recognizes that lenses, such as contact lenses, can be timed using 
ink that include polymers or polymerizable monomers, preferably the sa^ne monomers used to 
make the lens. The ink can be used to make images on or within the lens. Images made using 
these inks are preferably in a modified or unmodified digital format and can be used in a variety 
of printing methods, including ink-jet printing. Modified digital formats can be made by altering 
the digital image before or after printing such as by vibration applied to the printed surface. 

A first aspect of the present invention is an article of manufacture, including: a polvmer 
and a digitally encoded image made with ink, wherein the polymer forms a lens. 

A second aspect of the present invention is a method of making an anicle of manufacture 
that include, a digitally encoded image and a polymer, including the steps of: priming a digitally 
encoded tmage on a composition that includes a polymer, wherein the polymer forms a lens. 

A third aspect of the present invention is a method of making an anicle of manufacture 
that mcludes a digitally encoded image and a polymer, including the steps of: printing a digitaUy 
encoded tmage on a composition comprising a polymer, and forming a lens from said polymer " 
A fourth aspect of the present invention is a method of making an article of manufacture 
thai mcludes a digitally encoded unagc and a polymer, including the steps of: printing a digitaUy 
encoded ,mage on a composition comprising at least one monomer, polymerizing said at lea. 
one monomer to form at least one polymer, and forming a lens from said at least one polymer 
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A fifth aspect of the presen: invemion is a method of making an article of manufacture 
thai includes a digitally encoded image and a polymer, including the steps of: printing an image 
on ai least one fust surface, transferring said image to at least one second surface comprising a 
monomer or a polymer, and forming a lens from said second surface. 

A sixth aspect of the present invention is an article of manufacture, including: at least one 
information storage medium, and at least one digital image, wherein the at least one digital image 
comprises at least a portion of an image or other image. 

A seventh aspect of the present invention is a system, including: an article of manufacture 
of the present invention and a printing device. 

An eighth aspect of the present invention is a composition of matter, including an ink, 
dye, vat dye, particle, pigment, reactive dye or dia20 dye. The composition of matter also 
includes a binder, monomer, polymer, homopolymer, heteropolymer. copolymer, and initiator, 
UV initiator, thermal initiator, solvent, dispersant, anti-bacterial agent, antimicrobial agent, anti- 
fungal agent, disinfectant, thickener or humectant 

A ninth aspect of the present invention is a method of doing business, including the steps 
of: obtaining a digital image from a person, database or image and priming said digital image on 
a lens. 

Detailed Description of the Invention 
Definitions 

Unless defined otherwise, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Generally, the nomenclature used herein and the laboratory procedures well known and 
commonly employed in the art. Conventional methods are used for these procedures, such as 
those provided in the an and various general references such as U.S. Patent No. 5 ; 1 60,463; 
5,271,874; 5,018,849; 5,034,166; 5,414,477; Day et al., Current Cytometric Information and 
Terminology, Third Edition, American Optomeiric Association (1980); Howley's Condensed 
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Chemical Dictionary (1981); and Federation of Societies for Coalings Technology, Glossary of 
Color Terms. Federation of Societies for Coatings Technology (1981). Where a term is provided 
in the singular, the inventors also contemplate the plural of that term. The nomenclature used 
herein and the laboratory procedures described below are those well known and commonJy 
employed in the an. As employed throughout the disclosure, the following terms, unless 
otherwise indicated, shall be understood to have the following meanings: 

"Directl/'refers to direct causation of a process that docs not require intermediate steps. 
"Indirectly" refers to indirect causation that requires intermediate steps. 
"Digitally Encoded Image" or "Digital Image" refers to an imace that has been created or 
<torediri a distal format. A digitally encoded image can be made using methods known in the 
an, such as artistic renditions or scanning or otherwise translating an image, including a naturallv 
occurring image such as the iris of an eye, such as a human eye. A digitally encoded image can ' 
be stored on appropriate storage medium, such as magnetic medium or polymers such as 
cyclolifin copolymers. A plurality of digitally encoded images can be stored together or 
separately to form a database of digitally encoded images that are accessible individually or in 
combination. Such digitally encoded images can be altered using established methods, such as 
artistic renditions or image modulating software. A plurality of images can also be merged to 
form a new digitally encoded image. A digital image is where a given image is presented as 
made from multiple dots of different colors. For example, an image produced by using a scanner 
or d IgJ tal camera. Modified digital images may be defined as a digital image that is changed with 
a secondary process like polymerization or mixing of colored dots. 

"Ink" as used herein refers to any colored compound, chemical or structure, such as a dye, 
vat dye, panicle, pigment, reactive dye, diazo dye artd the like. Ink also includes structures that 
wlule not colored give the appearance of color by, for example, diffraction or deflection (for 
example) of light by a particle. An ink can be water based, monomer based or solvent based 

"Dye" in the context of inks refers to a variety of dyes as they are know* in the art, such 
as dtazo dyes, such as Diazo 1 5 (4-dia 2 o-(4VtoIu y l)-merc ap to-2,5-diethoxy benzyene zinc 
chloride) (U.S. Patent No. 5,662,706). 
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"Vat Dye- in the cornet of inks refer, to a variety of vat dye S as they ax* known in th- 
an, such as Vat Blue 6 (7,16s J ichloro-6J5^ihyd ro .9J4J 8 -anthra 2 i n etenrone) and Va. Green , 
(16,17-d.methyoxydinaphtho (1,2,3, ed: 31. 2^1- m )peryle n e-5) (U.S. Patent No. 5.302.978) 

"Panicle" in the context of inks refers to a variety of panicles as they are known in the 
art, such as India Ink. 

"Pigment" in the context of inks refers to a variety of pigments as they are known in the 
an, such as titanium dioxide, red iron oxide, yellow iron oxide U.S. Patent No. 5, 1 60,463 
Pigment Blue 15 (phthalocyniae blue (CI H 74160)), Pigment Green 7 (pthalocynine green (CI # 
74260)), Pigment Blue 36 (cobalt blue (CI # 77343)) or chromium sesquioxide (U.S. Patent No 
S,272,010). 

"Reactive Dye" in the context of inks refers to a variety of reactive dyes as they are 
known in the art, such as Reactive Blue No. 4 (2-anthra-cene-sulfonic acid, 1 -amino-4 3 (( 4 6 
d.chloro-s-triazine-2-yl) arnino)^sulf oa r^ne>o, 10 ^ hydro . 9 . 10 ^ ixOf ^ ^ 

Reg. 4499-01-8); Reactive YellowNo. 86 (U-ben-zendisuifonic acid 4-((5 amino carbony,.,. 
e%,-1.6^ihydro-2^^ 

zyl)amino)-disodimn salt) (U.S. Patent No. 5,106,182). 

"Solvent" in the context of inks refers to an aqueous, organic or inorganic solvent such 
as water, tsopropanol. tetrahydroruran or acetone (U.S. Patent No. 5,271,874). 

-Surfactant" refers to a surfactant as that term is known in the an! such as. for exam P , e 
acetylene glycol or polyethylene alkyl ether (U.S. Patent No. 5,746,8 1 8 and U.S. Patent No 
5,658.376, respectively). 

«. fa ~»p.e, *. Tc**, sen* ta Uraon ^ polyo![yUied ^ eihm 

,«, « "P^, -o- ftom OAF (U S. h. No. 5,560.766). Dispel m 

about 5%. 
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invention, a lens need not act as an optical lens, such as a contact lens that is used for vanity 
purposes as opposed to purposes relating to the correction, improvement or alteration of a user's 
eyesight. 

"Contact Lens'' refers to a structure that can be placed on or within a wearers eye. A 
contact lens can correct, improve, or alter a user's eyesight, but that need not be the case. A 
contact lens can be of any appropriate material known in the art or later developed, and can be a 
soft lens, a hard lens or a hybrid lens. A contact lens can be in a dry state or a wet state. 

"Soft Lens" refers to a variety of soft lenses as they are known in the an that are 
characterized as having, for example, at least one of the following characteristics: oxygen 
permeable, hydrophilic or pliable. 

"Hard Lens" refers to a variety of hard lenses as they are known in the an that are 
characterized as having, for example, at least one of the following characteristics: hydrophobic, 
gas permeable or rigid. 

"Hybrid Lens" refers to a variety of hybrid lenses as they are known in the art, such as, for 
example, a lens having a soft skirt and a hard center. 

"Dry Slate" refers to a soft lens in a state prior to hydration or the state of a hard lens 
under storage or use conditions. 

"Wet State" refers to a soft lens in a hydrated state. 

"Single color" refers to a discrete color made of one or more ink. 

"Multi-colored image" refers to an image that includes more than one single color. A 
multi-colored image can be made using a plurality of single colors. For example, a multi-colored 
image can be made using two or more single colors, three or more single colors, or four or more 
single colors, preferably primary colors. The colors can be mixed before or during the formation 
of a multi-colored image, such as during a printing process, such as printing processes using 
dispensation, such as ink jet printing. 

"Transparent" refers to a substantial portion of visible light transmitted through a 
structure, such as greater than or equal to 90% of incident light. 
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structure, such as greater than or equal 10 90% of incident light 
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«coraposiUonc<jmprisini..ii™„ a **»y encoded image on 

polynKr; ' ""' f< " m " ,S " e " s *» »* « I«t one 

6) r f ° TO,n8a,ensfrom ^second surface- 

« lew on. digit* ^ . ^ ^ ,nf0rmaUon n,edi UI7l! and 

8 "nage, wherein ihc at least one dicital im OM 
a Portion of an iraag e or other ^ 8,131 C0, " PnSCS » 

a system, including: an article of manufacture of the 
printing device; P ^ Invem,on ^ a 

a composition of matter, including an ink dvc v,r ^ 
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aecnt monomer, polymer, homopoiymer. hc.cropolymer. copolymer, and i„ iliaior 
U V tnuiator. .hcnnal initiator, solvent, dispcrsant. surfactant. an.i4ac.cnal " 
ann-m.crobial agent ami-fungal agen, disinfectant, thickener or humcctant- and 
9) a method of dcin, business, including the steps of: obtain^ a digital image from 

a person, database or image and printing said digital image on a lens 
These aspects of the invention, as well as others described herein, can be achieved bv 
»*»g the methods, articles of manufacture and compositions of matter described herein. To gain 
- rull appreciation of the scope of the present invention. U will be further record that various 
aspects of the present invention can be combined to make desirable embodiments of the 


invention. 


I Lens With Digitally Encoded Image 

The present invention includes an article of manufacture, including: a po.vmer and a 
d^taJly encoded image comprising at least one ink, wherein the polymer forms a lens 

Digitally Encoded Image 

The di,l„|ly encoded in,.,.* can include . si „ e ,e color iaage 0 , , mul<i ^ olo „ <J ( 
The angle color ima g e preferaoly comprises one ink. bu, need nol ta fc ^ ^ _ 

'"IT ^rr S 01 c0 ' 013 different colored inks can be combined lo produce an ink with a 
color dtfferen, from *. indivioual inks wed „ ^ fc ^ ^ . ^ 

» preferably made usin 8 a plurality „ f ioI[s . ilher , l(Me<>r jn combinaliM 

The dicitatly encoded ima S e can be trtmsparent. opaoue or partially opaoue For 
"!T~ *• doe, no, su bs,a„ua„y interfere 

**.*; '"7**° ° f li8hl *** * *» <M -oded images ,he ink 

encoded imaged, inhere, wi, lh e of J, ^ 

lkT r ' TV "° ! ,s a ™" ,M! ' we dWal,y — - 

bl°« we natural color of me contact lens wearer', tri. i.t. 

Mrt ' s ,n! - lnk USEd 10 create an opaque digitally 
encoded tmage can include materials such as panicles, for «amp,e as mica o, 8 ro„„d oyster' 
shells or paniculate, i„ a type «, , m0UJ) , sufHcien, to make the di e i,a % encoded ima e e 
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opaque. Another alternative is a pigment, vat dye. dia/o dye or reactive dye. l or partially 
opaque digitally encoded images, the ink within the digitally encoded image can ineludc 
materials 5 ueh as panicles and particulates, such as mica, ground oyster shells or particulates, in a 
type and amount sufficient to partially block the transmission oriighl through the digitally 
encoded image. Panially blocking the transmission of light, in this instance, refers to the ability 
or the digitally encoded image to allow a portion of incident light to transmit through a digitally 
encoded image. 
Ink 

Inks used in the present invention can include any single colored compound or 
composition or any combination of colored compounds or compositions. Inks can be provided in 
water, monomer or solvents, preferably at a concentration between about 0% and greater than 
about 99.5% or between about 0.01 % and about 99.5%. preferably between about 0.1 % and 
about 90% or between about 1 % and about 80%. and more preferably between about 1 0% and 
about 60% or between about 20% and about 40%. Inks can also include particles or particulates,, 
preferably at a concentration of between about 0% and about 5% or between about 0.01% and 
about 5%, preferably between about 0.1% and about 4% or between about 1% and about 3% to 
render a digitally encoded image opaque or partially opaque. Examples ofinks include dyes, vat 
dyes, particles, pigments, reactive dyes or diazo dyes. As discussed herein, the characteristics 
and compositions including inks and other components include inks that are pan of an article of 
manufacture of the present invention, such as a lens, such as a contact las. and also include 
compositions that tnclude at least one ink that can be used to make an article of manufacture of 
the present invention. 

Inks can include water, monomer, polymer or an appropriate solvent in order for the ink 
to be suitable in the making of a digitally encoded image. An appropriate solvent is a solvent 
that is compatible with the creation of a digitally encoded image on or within a surface, such as 
on or within a polymer. For example, solvents appropriate for polymers used to make lenses 
such as contact lenses, include, but are not limited to isopropanol, water, acetone or methanol, 
cither alone or in combination and can include a monomer. Appropriate concentrations of 
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WJ A Preferably ^ a b« , H Md ,„„„, M% „, ^ ^ 
«. Prefer,. atou , J0H ^ atom m „ ^ abcmi M% ^ abou _ ^ 

0.1k*. poiymcrs. m 0 „„ mcr md lnls tavc dj(rersm M|MKs ^ . . M w ^ 

Z T , 7' aPP ' OPr ' a ' C """"" """" Md |M ' yn,cr ' »— » - W S «d be 

c nstdcrcd. For hydroge, po, ymOT . adjuslrac ,„ ,„ swc , ljn6 ^ 

of concentrations of solvents. y 
A» ink can also include a monomer, po^c,. ^p^, teE , opo|ylIler or 

monomer tha, can be p,,,^ , 0 f<m , ^ ^ 

for a g„e„ _. mixtures thereof, or polymers. o, mi»ures hereof. Mcaoam ^ ^ ^ 
- -crease the viscosity in , ^ ^ ^ * * 

"'^^ ** iS <™ — ^. - <* - **-e polyr! aoo- J^T 
Appropriate colons of monomers are between abau, 5% ^ greater thar, 9S% ^ 
abou, ^ a„ d alom 75% , Md „ ^ ^ atom 3J% ^J^* 
A^ropna* concent of p^ers m ta>TO „ ^ ^ ^ ^ 
^.ween abou, « ao d about 25% . _ _ ^ ^ ^ ^ J J 
When monomers ana po, ymere are raixci Ihe total . 
between about 1 0% and greaicr 1)130 99% nrefpnhi .. 

™- r « u " /, - prefOTbl! ' b,:, " e " a l»"'i25%andabout75%a„ d 
more preferably between about 35% and about 65%. 

The viscosity of a solution including an int can hp ic t.* t. .. 
. 1 aniniccanbe as high as between about 500 

enttpotse and about ,000 centime ^ „ ^ ^ ^ , 

or between ab„u, 1 0 and about „ centipoisc. prefer,, between about 20 and about 70 

centtpotscorbetw^ about 30 and about 60 centipoise or between about , and about ,0 
centtpotse. S(lIulions ^ Iow ^ M „ d „ ^ ^ 

2« - ~r 8 e - blend. tesu Wn g in an ima.e * a more I* JClb 
b-endtng «, be eru.aneed US ,„ E . van „ y of ^.^ J - • « 
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viscosity can ,cs„h in ima.es tha, m too •„„„,-" and , ta „„ x 
chataacnstics. sue its pooun, of i„ k in „ di8iKlly ^ ^ „ ^ ^ ^ ^ 

unbonded tal ,o„. Sc«« I**, ,„ 0 ^ , viscosity mav „,, * ^ , 
vancv of pr, nl i„ e such n Mjm and ^ may m ^ ^ ^ ^ 

utvenuon. Fun-hen™, soluuons ^ hi8h cm ^ ^ ..^ ^ ^ ^ ^ ^ 

Wend wu, tne sun-oundio s „v ironme „ L includine sumJ11 „ ding 0[ ^ ^ ^ ^ 

these circumstances, the ink raav foral amalml ^ ( ^ ^ ^ ^ 

No. 5.) uO.463 and U.S. Pateo, No. 5,4,4.4,7). AseMS sucb . „ ^ ^ 

appropriate solvents) can be used to adjust the viscosity of the ink. 

^^^^"le^one^o^ntercanalsoincludeapolymerizatfoninitoo, so 
.he monomer h the M is inilialed . ^ ^ ^ ^ ^ ^ ^ ^ ^ 

cho.eedep^onu.eweof^^,^^^^.^ AppropriaK ioiuators 
■ndude. bu, „e 0 „, Umitt d to, UV initiators ta i„ nte „„ w ; 

■hernial ttmtators that initiate polymroation by thermal e«n3y. ' ' 

An ink can ate include a dispel, a ^ of ^ ^ 

Dispels „ preferablv ^ a , „„ conceii(n ^ ■ 

and about 10%. 

An ink can ^ ,„c, ud c a ,east one ahd-miaobia, a**, 0, antiseptic agent to W o, 
reduce the number or mutaphcation rntoobia, aaents. ^ numberofmicrobw , 

^^crob^aeentsfto™™,^. l^ened a^^icobia, a e e„ te i„c, u d= anti-bac^ 
agents, anti-fungal agents and disinfeciam* Vr-t-^u 

a , en „ a t - f , fl,S,ofeclants - P^bly, such anu-microbial a e ems. anti-bacterial 

agents, arm-fungal agents and disinfectants are provided at an a™™™. 

between about 0% and about , »/„. C ° nCentraU ° n ^ 35 

An ink can also include at leas, one hurnectant such as , ^-diozane.S.S-dimethanol (U S 

hurnectani is between about 0% and about 2%. 


or 

or 
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» agent, such as 


An ink can also include at least one aminv- 1 

aM onc J »«wxidam agcni or a Jow corrosion i„r 

o.^ou An ink can also include a non-kocaiim. i»..„, 
agem, such as 2-mcihvl-l 3 n™,.,^- , w^ung agent or non-kogating 


A prefer ink can have (he following composition: 


0 


I __ Component 

J Monomer 

Percentage 

0% to 99% 

1 Pigment and/or colorant 

0.1% to 15% 

[and/or reactive dye 


j Initiator 

0.01% to 2% 

| Solvent 

0% to 80% 

Binder or BondineApem 

0%to 10% 

Thickener 

0%tol% 

[Anti-kogaiing Agent 

0%to 1% 

{ Hurnectant 

0%to J% 

(^Surfactant 

0%lo 10% 

1 Cross-linker 

0%to 1% 

| Dispersant { 

3% to 10% 


Priming 

— — — :.^r~z~s:'" 
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encoded imager can be primed using priming structures and priming methods thai can conven Ihc 
stored digtiaUy encoded image into a printed image using an appropriate interface. For example, 
a central processing unit enn include a stored digitally encoded image. Software can interface the 
stored digitally encoded image with a printing structure such that the priming structure prims the 
digitally encoded image. Such interfaces are known in the an. such as those used in digital 
printing processes that use ink-jets (Hewlett Packard; Encad) (see, for example, FIG. 1. 

Preferred printing methods and printing structures include, but axe not limited to, ink-jcl 
printing, piezo priming, thermal printing, bubble jet printing, pad-transfer printing, impregnation, 
photolithography and laser priming. Ink-jet priming can use appropriate ink-jet printing 
structures and ink-jet printing methods as they are known in the art or later developed. For 
example, appropriate ink-jet printing structures include, but are not limited to HP Desk Jet 61 2 or 
Cannon color bubble jet BJC1000 color printer hardware. Furthermore, appropriate ink-jet 
printing methods, include, but are not limited to thermal ink jet printing, piezo priming or bubble 
jet priming. 

Ink-jet printing can include piezo priming structures and piezo printing methods as they 
are known in the art or later developed. For example, appropriate piezo priming structures 
include, but are not limited to Cannon color bubble jet printer BJC1000. 

Ink-jet printing can include thermal printing structures and thermal printing methods as 
they are known in the ait or later developed. For example, appropriate thermal printing 
structures include, but are not limited lo HP Deskjet 612 color printer. 

Ink-jet printing can include bubble jet printing structures and bubble jet printing methods 
as they are known in the art or later developed. For example, appropriate thermal bubble jet 
structures include, but are not limited to Cannon BJC1000 color printer. 

Pad-transfer priming can include pad-transfer priming structures and pad-transfer printing 
methods as they are known in the an or later developed. For example, appropriate pad-transfer 
printing structures include, but are not limited to Tampo-type printing structures (Tampo vario 
90/130). rubber stamps, thimbles, doctor's blade, direct printing or transfer printing as they are 
kjnown in ihe an. 
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imp^tion pruning ilJcIud0 imprcgnatu , n 

impregnation printing structure,- include h,„ , P ° PPr ° Pna,e 

masking dcv.ee. developer and the like. ' 

=Ppropda, e pho^^ ^ ^ 
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of a structure, such as a .second portion of a lens, is attached to the 11™ ponion of n lens such that 
ihe im^ue is trapped between the fir 5 t port-on of a structure and the second portion of a structure. 

Preferably, the first portion of a structure insludes a polymer and the digital image 
includes a monomer. The monomer can be polymerized such that the digitally encoded image 
becomes non-transiem and substantially immobile. Then the second portion of a lens is attached 
to the firs, portion of a structure such that the digitally encoded image becomes trapped between 
the f.rst portion of the structure and the second ponion of a structure. In this aspect of the 
present invention, the digitally encoded image preferably includes a monomer that can be 
polymerized to form a polymer, preferably a polymer that is included in the first ponion of a 
structure or the second portion of a structure, preferably both. 

In a preferred aspect of the preseni invention, the first portion of a structure is a non- 
polymcrized monomer or semi-polymerized polymer that includes monomer onto which the 
digitally encoded image, which preferably comprises the same monomer as the first ponion of a 
structure, is printed. This composite structure can be partly or folly polymerized and a second 
ponton of a structure attached thereto to entrap the digitally encoded image therein. In the 
alternative, the second portion of a structure, which preferably includes monomer and optionally 
polymer, preferably the same as the first ponion of a lens and the digitally encoded image is 
contacted with this first portion of a structure and digitally encoded composite such that the 
d.gitally encoded image is trapped between the first ponion of a structure and the second ponion 
of a suture. The resulting laminate composite structure includes a digital encoded image 
trapped within the structure. In one aspect of the present invention a panially polymerized laver 
of mk is contacted with a monomer. or alternately a monomer is panially polymerized and ' 
contacted with a layer of ink. Each combination can be panially po.ymerized and transferred to 
pnmary surface and fully polymerized such that the polymerized layer of ink is sandwiched 
between a polymer layer and the primary polymerized surface (sec, for example, FIG. 3). 

The laminate composite structure can be fashioned into a lens using methods described 
heretn and as ihey are known in the art or Mer developed, such as, for example, laser cutting 
stamptng, grinding, polishing or the like. In the alternative, the laminate composite structure 


> a 
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made using ihc foregoing methods results in a lens. Tor example, the laminate composite can be 
made in a mold ihoi has the shone 0 r a lens. Such molds are known in the an and have been 
described herein. In the alternative, the method used to make ihc laminate can form a leas, such 
as spin-casting methods. 

Lenses made using spin casting are preferable in the present method. In the alternative, 
other appropriate methods, such as those described herein, known in the art. or later developed, 
that can form at least a portion of a lens can also be used. In this aspect of ihc present invention, 
a first portion of a structure is primed with a digitally encoded image and the second portion of a 
structure is added thereon to form a laminate structure. Spin-casting or other lens forming 
methods and polymerizing can optionally take place any time during this process and the first 
portion the structure, the second portion of a structure and the digitally encoded image can be in 
various states of polymerization, such as non-polymerised, partially polymerized or polymerized. 
Optionally, me digitally encoded image need not include monomer or polymer. 

For example, a first portion of a structure can be non-polymerized, polymerized or 
partially polymerized and can be spin-cast (or other lens forming method) or not spin-cast (or 
other lens forming method). A digitally encoded image including or not including a monomer 
and/or a polymer can be printed on the first portion of a lens to form a composite. This 
composite can be polymerized, not polymerized or partially polymerized and can optionally be 
spin-cast (or other lens forming method) or at least a portion of a lens formed by another 
appropriate method (the optional polymerization and opuonal spin-casting (or other lens-forming 
method) can take place in either order). This composite is then contacted with a second portion 
of a structure that can be polymerized, partially polymerized or non-polymerized and then can be 
optionally spin-cast (or other lens forming method) to form a portion of a lens to form a 
composite laminate. The composite laminate, or at least a portion thereof, is or are optionally 
polymerized. Preferably, the first portion of a structure, the digitally encoded image and the 
second portion of a structure all share at least one common monomer or polymer, but that need 
not.be the case. 


WO 01/40846 


PCT/USO 0/41454 


One example of this method includes a first portion of a structure dispensed into a 
receiving structure such as a mold, wherein the first portion ofa structure is non-polymerized, 
partially polymerized or polymerized end is not spin-cast (or other method of forming ai least a 
portion ofa lens). The digitally encoded image is printed on the first portion of a structure, 
wherein ihc digitally encoded image optionally includes a monomer and/or a polymer to form a 
composite structure. A second portion of a structure is contacted with the composite structure, 
wherein the second portion of a structure is non-polymerized, partially polymerized or 
polymerized to form a laminate composite. The laminate composite is then spin-cast (or other 
method of forming at least a ponion ofa lens). 

Another example of this method includes a first portion ofa structure dispensed into a 
receiving structure, such as a mold, wherein the first ponion ofa structure is non-polymerized or 
partially polymerized and is optionally spin-cast (or other method of forming at least a ponion of 
a lens) and is optionally polymerized. The digitally encoded image is primed on the first ponion 
ofa structure, wherein the digitally encoded image optionally includes a monomer and/or a 
polymer to form a composite structure and is optionally spin-cast (or other method of forming at 
least a ponion of a lens) and optionally polymerized. A second portion ofa structure is contacted 
with the composite structure, wherein the second portion ofa structure is non-polymerized, 
partially polymerized or polymerized to form a laminate composite. The laminate composite is 
optionally spin-cast (or other method of forming at least a ponion ofa lens). Preferably, the first 
ponion ofa structure and second portion of a structure include the same or similar monomer and 
polymer and are partially polymerized such that a polymerization (such as a final polymerization 
ofa laminate structure) results in a relatively or substantially "seamless" laminate structure 
(fused or connected). Preferably, the digitally encoded also includes the same or similar 
monomer and polymer (non-polymerized or partially polymerized) so that a polymerization (such 
as a final polymerization ofa laminate structure) results in a relatively or substantially 
"seamless" laminate structure. 
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During this course of thi.s method, (he digitally encoded image can form a chemical bond 
-ah cuter or both ofihe first portion of. structure and the second portion of a .structure In this 
.nsumec. the digitally encoded image comprises an ink that can form such a chemical bond. 

Also. Uk- digitally encode image can form a polymer-polymer bond with either one or 
both the first portion ofa structure and second portion of a structure. In this instance, the 
digitally encoded image include, a monomer or polymer that formed a polymeric bond with at 
least one of the first portion ofa structure and second portion ofa structure. 

In this aspect of the invention, the digitally encoded image preferably includes at least one 
panern. The pattern can be any pattern, inching nacurallv and non-naturally occurring patterns 
For example, a naturally occurring pattern can include a fraclile-like partem. Non-naturallv 
occurring patterns can include geometric paUCrn5 <, non-geometric patterns, such as are used in 
vantty contact lenses. A digitally encoded image can include at least one color, but preferablv 
mciudes a plurality of colors. A digitally encoded image preferably tncludcs a, leas, a ponton of 
an image of an eye, such as the iris of an eye, such as the iris of a human eye. 

The image can include at least one color, but preferably includes two or more colors The 
odors used in the image can be derived from a mixture of separate colors, such as two cr more 
separate colors, three or more separate colors or four or more separate colors. For the purposes 
of thts aspect of the invention, black is considered a separate color. The separate colors are 
preferably primary colors that can be mixed in different prorations to form a wide array of 
colors on an image. 
Polymers and Lenses 

Structures, such as lenses, of the present invention preferably include at least one 
polymer. When the structure of the present invention is a lens, such as a contact lens, the at least 
one polymer is preferably a polymer that is compatible with the eye. Preferable polymers for use 
« malang contact lenses include, but arc not limited to acrylics, silicones, polycarbonates and 
others known in the an or later developed. Polymers useful in the present invenuon can be 
hydrophobic orhydrophilic. ^ .he case of hydrophilic polymers, the polymer preferably forms a 
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hydrogel. Generally, polymers used io make contact lenses result in "hard lenses/' "soft lenses" 
or "hybrid lenses" as tho5c terms are known in the an, 

II Method of Making a Lens With a Digitally Encoded Imace - 1 

The present invention also includes a method of making an anicic of manufacture thai 
includes a digitally encoded image and a polymer, including the steps of printing a digitally 
encoded image on a composition that includes a polymer, wherein the polymer forms a lens. The 
polymer can be any polymer, but is preferably a polymer in a wet state or a dry state, such as 
polymers used in the manufacture of lenses, such as contact lenses. 

The article of manufacture is 'made by providing a composition that includes a polymer 
that the digitally encoded image is to printed upon. The polymer is preferably a polymer used to 
make lenses., such as contact lenses, and include, but are not limited to, hydrophobic polymers, 
hydrophilic polymers, homopolyroers, hctcropolymers, copolymers, acrylic polymers, silicone 
polymers or polycarbonate polymers either alone or in combination. One preferred lens includes 
the following: HEMA (hydroxyekyl methaenylale), EOEMA (ethoxyelbylmethacryiate, MAA 
(methacrylic acid), EGDMA (ethylene glycoldimeihacrylate), Vato-64 (azobisilobutyronitrile). 
BME (beruoin methylelher), IPA (isopropyl alcohol), THF (terahydrofuran), Mercap-2 
(mercaptoelhanol), c-pemanone (cyclopentanone) and MEHQ (metbylethyl hydroquinone) (see 
U.S. Patent No. 5,27I 7 874). 

In this aspect of the present invention, the polymer at least in part forms a lens, such as a 
contact lens, such as a soft contact lens, a hard contact lens or a hybrid contact lens. It is the 
structure that forms at least in part a lens that a digitally encoded image is printed. Preferably, 
the digitally encoded image is printed on the lens and can be printed on either or both sides of the 
lens. The digitally encoded image can be printed on the entire lens or a portion thereof. For 
example, the digitally encoded image can depict the iris of an eye such that the area 
corresponding the pupil of the eye is not printed. 

The digitally encoded image is preferably encoded electronically, such as in a database. 
The digitally encoded image can be prepared by any appropriate method, such as by scanning an 
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image imo a processing unit using appropriate scanning and storage hardware and software. The 
digitally encoded image can be selected and can be conveyed to a priming device as an electronic 
signal using appropriate hardware and software. 

The digitally encoded image is preferably primed using a printing device that is capable 
of producing a digital image, such as an ink jci printing device, a piezo printing device, a thermal 
printing device or a laser printing device. The printing devices preferably include at least one 
ink. wherein if more than one ink is present in sucb printing device, the different inks are 
provided in separate containers or separate portions of the same containers, such as provided in 
Hewlett Packard Color DeskJet printer cartridges (HP5 1 649 A). 

i An ink preferably contains at least one monomer, such as a hydrophobic monomer or 
hydrophilic monomerthat preferably correspond to a polymer that is included in the lens. The 
ink can also include a variety of other components, such as an appropriate initiator, such as a UV 
initiator or a thermal initiator to initiate polymerization of the monomer after being dispensed by 
a printing device on a polymer. An ink can optionally also include at least one of a binder, an 
ant-bacterial agent, an anti-fungaj agent, a disinfectant or a humectant at an appropriate 
concentration for the intended function. Preferably inks include, but are no t limited to. pigment 
black 7 (carbon black), pigment black 1 1 (iron oxide), pigment brown 6 (iron oxide), pigment red 
1 01 (iron oxide), pigment yellow 42 (iron oxide), pigment while 6 (titanium dioxide), pigment 
green 17 (chromium oxide), pigment blue 36 (chromium aluminum cobaltous oxide), pigment 
blue 15 (copper phthaloxyanine). pigment violet 23 (3.amino-9-ethyl carbazoles:hIoronil) (U.S. 
Patent No. 5.302.479), Millikan ink yellow 869, Millikan ink blue 92, Millikan ink red 357, 
Millikan ink black 8915-67 (see U.S. Patent No. 5,621,022). 

Preferably, four separate ink colors, which can include one or more individual inks, are 
used in a printing device FIG. 1. The four inks correspond to black, magenta, yellow and cyan. 
The printing device can mix these inks to provide a wide diversity of colors for use in the 
printing process. A typical ink formulation includes: monomer (HEMA), initiator (BME), 
crosslinker (EGDMA), pigment #1 (plhalocynine blue), diluent (glycerine), solvent 
(isopropanol). pigment #2 (titanium dioxide), dispersam (polyvinyl alcohol), humectant (ethylene 
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glycol), co-monomcr (meihacryiic acid), inhibitor (MEMO), ami-kogating agent 
(meihylpropanediol) and ami-oxidant (alkylated hydroquinone). The monomer can also be a 
mixture of two or more monomers. A preferred mix ofmonoiiiers that results in a clear polymer, 
such as for a clear contact lens, include monomer HEMA (hydroxyethyl meihacrylatc). monomer 
EOEMA (eihoxyethylmethacrylaic). monomer Maa (meihacryiic acid). Optionally included are 
at least one of the following: crosslinkcr EG DMA (ethylene glycoldime.hacrylale). initiator Vazo 
04 (azobisiloburyronitrile). solvent isopropyl alcohol, inhibitor MEHQ 
(methylethcrhydroquinone) and diluent glycerine. All components are at appropriate 
concentrations for their intended purpose. 

Optionally, a printing device can include a mixture as described above without an ink that 
can be dispensed along with at least one ink in a separate container such that the ink and 
monomer and other optional components arc mixed and dispensed onto a polymer. In either 
instance, the monomer in the dispensed fluid can be polymerized, thus immobilizing the ink 
therein at a defined locus. 

Preferably, during printing, a printing device, such as an ink jet printer, will dispense four 
different main colors (Black, Magenta, Cyan and Yellow) as discrete dots that correspond to one 
or more dispensation volumes of the printing device that do not mix. The dots are deposited as 
any combination of the main colors to form a collage of discrete dots of different main colors 
that, to the unaided human eye generally appear to be a color or pattern rather than a collage of 
discrete dots. Thus, what is formed is a matrix of individual color dots next to each other xvith a 
boundary between them. 

Such a pattern under magnification may appear as: 

ooooooooo 
oooooooo 
oooooooooo 

Depending on the number of dots, their density and distribution the unaided human eye would 
perceive different colors. intensify t hue and brightness. 
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The ink used in available technology, such ; , s pad transfer priming and pad transfer 
devices, is highly viscous, such as up to 40.000 cps and is partially polymerized. Such inks do 
noi run and forms a large discrete dot on dispensation. Such printing results in a very unnatural 
appearance due to the large, unmixed dots, (n the present technology, the viscosity of the ink can 
be low, such as less than aboul 100 cps. and can be between about 1 cps and about lOcps. This 
low viscosity allows the dots to blend, either on their own. or upon the exertion of external 
forces, such as vibrational energy. In this instance, the dots do not remain discrete, but rather 
blend together, such as: 


The result being an image that is a color and pattern that is a "non-dot" color matrix that has a 
highly realistic appearance to the unaided human eye. 

The printing device dispenses ink or mixtures of inks onto a polymer, such as a lens, that 
corresponds to the digitally encoded image. More than one digitally encoded image can be 
dispensed onto a polymer. Monomer in at least one ink can be appropriately polymerized such 
that the ink is immobilized on or within the polymer. This process can be repealed with the same 
or different digitally encoded image in the same or different orientation. 

In the alternative, the digitally encoded image can be printed on a pad transfer printing 
device where it is optionally polymerized. The printed image can then be transferred i 
polymer, such as a contact lens, using appropriate pad transfer printing devices such as they , 


[to a 

1 are 


known in the art FIG. 4. 


Ill Method of Making a Lens With a Digitally Encoded Imace - IJ 

The present invention includes a method of making an article of manufacture that 

includes a digitally encoded image and a polymer, including the steps of printing a digitally 

encoded image on a composition comprising a polymer and forming a lens from said polymer. 

In this aspect of the present invention, the digitally encoded image is printed on a polymer 

that docs not form a lens using a printing device. The polymer with the digitally encoded image 
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is ihcn fanned into a lens using an appropriate method, such «. for example, fabrication, cast- 
molding, spin-casting or a combination thereof. 

When the lens is made usmg fabrication, the polymer with the digitally encoded imaue « 
formed into a lens using appropriate fabrication methods, including, for example, stampinu. " 
grinding or trimming (see the FIG. 5). The lens can also be made using c^-molding and spin 
casung (see, for example. FIG. 6, FIG. 7A and FIG. 7B). 

FIG. 7B depicts one preferred aspect of the present invention. A lens structure is made 
using, for example, spin casting. Etching, burning or cutting processes, such as methods using 
chemical, mechanical or laser methods, are used to create well(s) or indentations. These wells or 
indentations preferably are aligned at a locus that correspond to the iris of an eye. A digitally 
encoded image is printed on the lens, preferably at the location of the wells or indentations. The 
ink can optionally be polymerized or partially polymerized when monomers are present in the 
ink. A layer of polymer is then created on top of this structure to form a lens structure Any 
appropriate polymerization of the structure thus formed or portions thereof can be accomplished 
using appropriate methods. 

In one instance, a digitally encoded image can be primed onto the surface of a spin 
casting device, where the printed digitally encoded image can be optionally polymerized or 
partially polymerized. A solution including at least one monomer that can be polymerized to 
form a lens, such as a contact lens, can be dispensed on the printed digitally encoded image and 
sptn cast to form a lens. Preferably, the ink(s) used to print the digitally encoded image include 
the same monomer(s) used to make the lens, but that need not be the case. Preferably, the primed 
dtgrtally encoded image is non-polymerized or paruaJiy polymerized and contacted with the 
solution including at least one monomer (preferably the same monomer used in the ink(s)) The 
lens is formed by spinning, and the polymerization process completed. In that way a self- 
adhesion bond or a polymer-polymer bond between the printed digitally encoded image and the 
lens is made. 

In another instance, a first solution including at least one monomer can be polymerized or 
partially polymerized to form a lens, such as a contact lens, in a spin cast device. A digitally 
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encoded image con be primed on the exposed surface of .he lens using a priming device and the 
printed digitally encoded image optionally polymerized. A .second solution including at least one 
monomer that can be polymerized to form a lens, such as a contact lens, is placed on top of the 
printed digitally encoded image and is spin east to form a lens. The second solution preferably is 
the same solution as the first solution. Preferably, the first solution is partially polymerized prior 
to the printing of the digitally encoded image, wherein the printed digitally encoded image 
includes the monomer of the first solution. This structure is optionally polymerized or paniallv 
polymerized. The second solution preferably includes the monomer of the first solution and the 
ink(s) used to make the digitally encoded image. Preferably, the first solution, the printed 
digitally encoded image and the second solution form a partially polymerized structure, and the 
polymerization is then completed. In that way a polymer-polymer bond form between the 
polymerized first solution and the polymerized printed digitally encoded image or between the 
polymerized printed digitally encoded image and the polymerized second solution. Preferably, 
such polymer-polymer bond forms between the polymerized first solution, the polymerized 
primed digitally encoded image and the polymerized second solution. 

In another instance, the present invention includes a polymeric surface that includes 
indentation structures, such as but not limited to grooves or wells that can be formed in the 
polymeric surface by a variety of methods, including casting and etching, cutting, drilling or 
burning, such as by laser etching, physical etching or chemical etching (see, for example FIG. 
8A and FIG. SB). Preferably, the indentation structures are made using appropriate laser etching 
technologies, such as those made by Lumonics Inc. 

The indentation structures can be provided at any locus at any appropriate density of 
.ndentation structures on a surface, but are preferably located in areas where pigmentation or 
pnnung is targeted, such as where a desired cosmetic effect is desired for contact lenses 
Locations where printing is not desired or desirable can be provided substantially without such 
.ndentation structures such that printing can be particularly directed or not directed to chosen 
locations. 
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The indentation structures can be of different sizes and shapes, but are preferably 
relatively small such that one, a few or many droplets of ink can be deposited into such 
indentation structures using appropriate priming methods or devices (see. for example, FIG. 9). 
Preferably, one or a few of the same color or different colors can be deposited in the indentation 
structures. In one aspect of the present invention, the indentation structures are partially filled or 
folly filled with ink during printing processes. If the indentation structures are over-filled, then 
steps can be taken to remove excess ink, such as, for example, blotting, scraping or machining, 
such as polishing, buffing or grinding. 

In a particularly preferred aspect of the present invention, the ink includes at least one 
pclymerizable monomer that can be polymerized after dispensation. If the indentation structures 
are not filled with such ink, then additional material, such as monomer with or without ink can be 
dispensed onto the polymer. As in other aspects of the present invention, the skilled artisan has 
the choice of when and how the ink or monomer can be polymerized. For example, in one 
preferred aspect of the present invention, the ink is dispensed into indentation structures such that 
the indentation structures are not fill* The ink is then optionally polymerized, and additional 
monomer is dispensed on the polymer to fill or overfill the indentation structures. The monomer 
is then polymerized, and the polymer is ready for final processing, if any. 

Preferably, the indentation structures facilitate holding the dispensed ink in a location 
such mat a digitally encoded image is localized and held in place. This aspect of the present 
invention is most appropriate for inks that are of relatively low viscosity such that the ink does 
not run due to the curvatures of printed surfaces, such as are present in lenses. 

In one preferred aspect of the present invention, droplets of ink that include a monomer 
are deposited on a surface, such as a polymer, that includes indentation structures. One or more 
droplets of the same or different color are deposited in such indentation structures such that 
different combinations of colors, chroma, intensity and hues can be localized in one or more 
indentation structures. 

In another aspect of the present invention, a lens such as a non-hydrated lens or hydrated 
lens, such as a partially hydrated or fully hydrated lens, can be mounted, preferably centered, and 
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maskad on a fixture (see. for example FIC. 10) When h^«, a 

y iu). when n>drated, water on or in the lens can 

7* " m0Ved ' "* " * ^ A ~ «■*-* «- be dehydrated 

such as to partial or substantial dehydration, by appropriate methods such as bv air, heal or ' 
eentn^aUo, Icn5 „. bc „ ^ ^ approp . jie ^ ^ 

descb. here ,„. F**™^ but option, fc lens inciud* indentation _ such as those 
described herein. This process and device allow for the aur nma ,- r ■ ■ 

w ,0r ^ au,omat »on of prmung processes and 

manufacture processes described herein. 

Ti. pr.sen. ,„«„,,„„ aiso ^ . mahoi „ ^ _ ^ of 
mciudesad,^,^^^^,^.^^^^ 

Tie preset fa» mtioa inclllflB , maM „ f ^ ^ ^ ^ ^ 

surface, .-fe^ said ir W e„ at, eas, on. second surface conrprisujt 
monomer or a polymer, and forming a lens from said second surface. 

IV Digital Images 

^^taventainciudesanamefcofm^u^inc,^^,^^ 

compHscsatieastaponionofan^^^^^^^^^^^ 8 » 

pluralttyofdigi^intagescanbestoredinadabbasr. 

The invention is drawn not only to ditrirallv ■ 

y ° d,gKal,y encoded "nages, but also to the digitally 

Tl.us.fc.exampie.^p^^in^^^^^^^^^ 

elated according to the present invention. fenmnedor 
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I 


For example, a. ,„ vemi0 „ includss ^ „ „ y ^ preferab|y proy . ded h ^ 
o express™ such as printed median, ^ ^ ^ 

plasties, powers „ copCmers suc „ „ cyc|0 ,. fin polyracK such dM ^ ^ ■ 

in the medium of expression as an independent article of manufacture, such as a disk, tape or 
memory chip, orbeprovided * pan of a machine, such as a computer, that is eProcess™ 
«»»~ 8 ^dau, arch aspa„„f mmor>orpanofaproEram 1 

*e cho.ee „r se ection tf fc paruc,ar format, ian^e. ^ * ^ forin 
axemen, of d*a to the ^ ^ Suc „ ^ ^ fc fc 

obtained by the present in.en.ion ^ ^ „ ^ ^ ^ 

^aspeaofftein^is.^p^^^^ ^ ■ 
pomon of data proved by * p_, invenlioa ^ ^ ^ « — 

Jer, of pwp M cs, forexampfc, for^ sor** ora^ mch ^ fc 

following elements in any combinadon: 

I. A » ra P u «P^ngsys«n 1 ,s U ch„acen,ra 1 processi 1 ,g un i, (C p tr) a 

magnetic medium or polymeric medium; 

ted.** ^^^"^'"^"'^ a portion of 

^dataofthep^ttn^^^^^^^^^^ 

comparing programs or an appropriate portion thereof; 
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IV. A processing program or means for analyzing at least a ponion of the data of the 
present .nvention. compared data, or a ponion thereof, panicu.arly statistical ana.ysis. such as 
programs for analv^g digitaUy ^ ^ ^ ^ ^ ^ 

companng programs or an appropriate portion thereof as they are known in the art; 

V. A formatting processing program or means that can format an output from the 
daup^essmgsystem^ 

data oraportion thereof, such as database management programs or word-processing program, 
or appropnate portions thereof as they are known in the an; or 

VI. An output program or means to output data, such as data of the present invention 
or a ponion thereof or corned data or a ponion thereof in a format useful to an end user such 
asahuman or another data processing system, such as database management p ro6rarns or ^ 
processmg programs or appropnate ponions thereof as they are known i„ th e an. Such formats 
use*, to -end user can be any appropriate format in any appropriate form, such as in an 
appropnate language or code in an appropriate medium of expression. 

v Systems 

Tic paxm u*,^ ^ ^ . ^ jncWin8: ^ ^ ^ ^ ^ 

«. ^> „ ltaked a . ^ ^ ^ ^ appropn . aK M(hMre 
M~. « dtac ,„< p, Wllg device «, priDt , digiuUy ^ ^ _ 

^^^^^^^^^^^^ 

*~ or . p,c u^fc, a,™. ^ ^ ^ ^ hmiirare « 

»<W .ba. ^ U,« pn,^ „„, . iiaa to ^ ^ of a 

one method of the present invention. 
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A, a preferred embodiment of the present invention, a system of the present invention 
•ncludes a Hrst central processing unit that optionally includes an article of manufacture of the 
present mvenuon, wherein the article of manufacture of the present invention can be located on 
at least one second central processing unit separate in distance from the first central processing 
una and is linked to the remainder of the system. The system preferably includes a printing 
dev.ce as described herein or known in the art that is capable of printing at least one digital 
■mage of the present invention. The system preferably includes a lens manufacturing device 
such as a spin-cast device or a pad transfer device. In that regard, the system of the present ' 
invent,™ mcludes dispensation and other hardware, software and reagents used to practice a 
method of the present invention. Preferably, the system is automated such that a user can select a 
digital «mage and the first central processing unit directs and coordinates the manufacture of at 
least one lens by the remainder of the elements of the system, such as the printing device and a 
lens manufacture device. 

VI Compositions of Matter Including Ink 

The present invention also includes a composition of matter, including at least one ink, 
dye, vat dye, particle, pigment, reactive dye or diaeo dye. The composiuon of matter also 
tncludes at least one of a binder, monomer, poiymer, homopolymer, heteropolymer, copolvmer 
and mutator, UV initiator, thermal initiator, solvent, disperse anti-bacterial agent, anti- ' 
rrucrobxa, agent, anti-fungal agent , ^ ^ 

corroston agent, antiseptic agent or non^xidizing agent. Th e mdicated ^ ^ be ^ 
any combination and at concentrations or amounts appropriate for the indicated function. 

The compositions of matter of the present invention do not include the inks set forth in 
United SutesPatentNo.4303,9214to Young, issued December 1,1981. In particular the 
composition of matter of the present invention are preferably water resistant after polymerization 
such that p.grnents in the ink substantially stay where they have been deposited by printing 
processes. In addition, the compositions of matter of the present invention are preferably 
swellable after polymerisation, particularly in solvents, preferably water. In additjon. the inks of 
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the present invention, arc preferably capable of chemically bonding, cross-linking or otherwise 
binding with polymers or monomers on rhe surface being primed. For example, the ink of the 
presem invention can include monomers that can be polymerized with a polymer or monomer on 

the surface being printed. 

The composition of the presem invention can be provided in a printing device, such as an 
ink jet printing device, a piezo printing device, a thermal printing device, a laser printing device 
or a pad transfer printing device. 

VII Method of Doing Business 

The present invention also includes a method of doing business, including the steps of 
obtaining a digital image from a person, database (such as a database of the present invention) or 
image and printing said digital image lo make at least one lens or a pair of lenses that includes 
the printed digital image. Preferably, the lens or lenses are made using a method of the present 
mvenuon. Furthermore, the lens or lenses are preferably made using a system of the present 
invention. 

In this aspect of the present invention, a customer selects an image that s/he would like as 
part of a lens. The image can be any image, such as a fanciful image or any type, such as novelty 
.mages including swirls and the like, or an image that is a high quality image of an iris, such as 
from a human or animal. The image can be selected from a database, such as a database of 
digital images. Alternatively, the customer can identify and select an image from a variety of 
sources, such as a collecuon of photographs of people or animals. Such collections can be in an 
appropriate storage medium, such as an electronic database or a collection or compilation of 
Photographs or pictures. Alternatively, the customer can provide a selected image for use in the 
present method. A selected non-digital image can be transformed into a digital image using 
appropriate scanning technologies as they are known in the art Such scanned images can 
become pan of a database of the present invention. The selection process can take place at 
virtually any location, such as at a vendor's or manufacture's physical location or via computer, 
such as via the Internet, 
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The digital image selected by the customer can then be conveyed to the vendor's or 
manufacture s physical location via an appropriate meihod, such as through personal 
communication, phone communication, communication through printed materials such as order 
forms through the mail, or through electronic media, such as through the Internet. A selected 
image can be analyzed using appropriate software, such as image analysis and comparing 
software, for patterns, hue, chroma and intensity. The image can then be transformed into a 
signal for use by a printing device such that the image is reproduced as to colors and patterns by 
the printing device. The vendor notifies the manufacture of the order and provides the 
manufacture with the necessary information, such as the digital image. The vendor and 
manufacturer can be the same or different person, company or entity and can be at the same or 
different physical location. The manufacturer then manufacture's the lens or lenses and delivers 
the manufactured lens or lenses to the vendor or customer by an acceptable method such as 
check, cash, credit or credit card. The vendor or manufacturer receive payment as appropriate 
The digital image can be printed by a printing device following a method of the present 
invention or other method known in the art or later developed that results in the production of a 
leas, particularly a contact lens, of the present invention. Preferably, a printing device that 
utilizes at least two colors, at least three colors or at least four colors is used. This aspect of the 
present invention preferably utilizes a system of the present invention. 


EXAMPLES 


Example 1: Preparation of Inks 

This example provides ink compositions used to make lenses that include a digitally 
encoded image. Four ink preparations are preferred for use in printing devices, although more or 


less can be used. 


monomer 


The ink preparations include a base ink formulation that include the following: 
CHEMA). initiator (BME), crosslinker (EGDMA), pigment «, diluent (glycerine), solvent 
(isopropanol), optional pigment *2 (titanium oxide), disperse (polyviny, alcohol), humectam 
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(ehtylenc glycol), co-monomer (methacry.ic acid), inhibitor (MEHO) anr* • 

Parent No. 5,658,376. U.S. Patent No. 4 793 264 U S P * 4 ' 889 ' 52 °' U 

A preferred monomer mixture for raakinc clear u» • ^ • 

====: ===~s==P 

provided, such as polyoxvethvl™. it. , , F A SUffac **» « preferably 

'Wta-^L**^ • ; ^ «« has 

« - n. u. s . eam N0 . 5 5 ,^r *■ 
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between about 20 dynes/cm and about 70 dynes/cm and a viscosity between about 1.0 cp and 
about 2.0 cp (U.S. Patent No. 5,271,765). 


Example 2: Printing Metiiodolocies - Surfaces and Laminates 

This example, as depicted in FIG. 1 and FIG. 11. provides a methodology for priming 
digitally encoded images. An image, such as of an iris, is scanned into a digital form using 
appropriate hardware and software to provide a digitally encoded image. The digitally encoded 
image is stored in an appropriate storage medium, such as an electronic medium, such as in a 
database. A selected image is sent via an electronic signal to a printing device, such as an inkjct 
printing device, a bubble jet printing device or a laser printing device, through a processing unit 
The printing device preferably includes ink formulations Al, A2. A3 and A4 in separate 
compartments, such as in a printing cassette (Formulation A6), and optionally formulation A5 in 
a separate compartment or in a separate cassette. The printing device, under the direction of a 
processing unit, prints the digitally encoded image by mixing and dispensing, or dispensing 
individually, the inks of formulation A6 onto a surface, such as a polymerized polymer, a 
partially polymerized polymer or an unpolymerized polymer. After a printing step or other time 
during the manufacture process, the structure can be subjected to energy, such as vibrational 
energy, that can smear the printed digital image, particularly when in an unpolymerized or 
partially polymerized state, such that the resulting printed digital image has a natural appearance. 
This process can be repeated a plurality of times using the same or different digitally encoded 
image. The surface can be maintained in the same orientation or rotated between printing steps. 
The printed digitally encoded image can be polymerized or partially polymerized after each 
printing step or after all printing steps are completed. 

In the alternative, as depicted in FIG. 12 a digitally encoded image can be printed on a 
structure designed to transfer a printed digitally encoded image to a surface. Such structures 
known in the art include pad transfer devices. The digitally encoded image can be printed onto 
the structure and polymerized or partially polymerized prior to the printed digitally encoded 
image being transferred to a surface. 
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The su „»e ^ , he digMv ^ ^ b p . med ^ or 
pa»al,y F(>1 „ and can be ™ s „ o, M R ^ ^ 

lathe fabncation or laser fabrication. g 
U*«. ^c,^ inclu4e primed dis;uUy ^ ^ ^ 

It ,ri c : * ^ " - ^ ^ «~ - *~ » *» a 

-»^- e ^d,« Mndpolymerlarer(preferauyde>r) . InmakingftKetelta 

d, 8 ,«l,y encoded,^.. ™™ tolOTCmtepart ,, ly 5 
Mly polymerized (see, forexample, FIG. 2 FTC. 13). 

^3:P WNW<:te ™ oos . WmimAWllLoii|roraTATiMwAS ^ cE 
**«„y eocoded jme e, wfcrei, „ e di^ly encoded ira4ge „ ^ fe , , 
polymerized or panially polymerized polymer is provided. A well or indentiaHOn^Meaied^jn^ 

following the methods described in Example 2. 
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Example 4: Finishing of Lenses 

The structure resulting for these methods can be finished using secondary operations 
known in the art as they are needed, such as, for example, cutting, grinding, edging, polishing or 
the like to form a lens of desired optical, cosmetic or functional quality or characteristics. For 
soft contact lenses, the dry lenses may be hydrated using conventional methods to form a finished 
product. The finished lenses can be packaged in any appropriate packaging as they are known in 
the an, such as vials, tubes, blisters or other structures. The packaging can include appropriate 
solutions and instructions for use or description of the product and its < 


: care. 


All publications, including paten: documents and scientific articles, referred to in this 
application and the bibliography and attachments are incorporated by reference in iheir entirety 
for all purposes to the same extent as if each individual publication were individually 
incorporated by reference. 

All headings are for the convenience of the reader and should not be used to limit the 
meaning of the text that follows the heading, unless so specified. 
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What is claimed is: 

I • An article of manufacture, comprising: 

a ) a polymer, and 

b) a digitally encoded image made with ink, 
wherein said polymer fomis a leas. 


2- ^^ovrta*.*** l,w^ aidd ,, |yenMd 

, smgJe color or a multi-colored image. ™gccompnses 

3- The anicleof manufacture of claim 1 whm™. «m j- • .. 

' Wberaa sajd Ag»taJIy encoded image is 
transparent, opaque or partially opaque. 

The article of manufacture of claim 1 wher»r,«w . 

' Wherem 531(1 P ol ymer comprises a hydrogel. 

The article of manufacture of claim 1 wha»„ <*\a i 

np _ . , ' herem ^ Iens wmpnses between about 0% 

percent and about 80% percent water. ? 

The article of manufacture of claim I . 

1 ' wterem ««» »«s is permeabJe to oxygen. 

Theamclcofnwnuractureofclaim 1 wh^in • 

hydropbilic. ^''^^Polymertshydrophobicor 
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The article of manufacture of claim I. wherein said po . ymef is 5elec[ed ^ ^ 
consisting of acryUcs. silicones and polycarbonates. 


10. The article of manufacture of claim 1, wherein said lens 


is a contact -ens. 


5 


" ^'"f™*™^"" said digtauly ^ to8eisappliedM 

said polymer by printing. 

1 2. The «id« of ma,uf Mtu « of daio, 1 1. ^ ^ ^ ^ ^ 

■ Th« .nicte of ^ of cUta , ,. ^ ^ ^ j, ^i,,,.^ 
■8. ^^'«f'»««u^oofctoU,wh^„ s ^ prin ^ jslwpn . otiii8 

one surface of said polymer. 

20. The rtCe of mmtam oMaim , , ^ ^ ^ ^ , s 

polymer. 
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21- The article of manufacture of claim 1 wherein • • 

iaim !. wnerem said inx compnses at least one dye, 
dye. particle, pigment reactive dye or diazo dye. 


vat 


5 


} 


22. The article of manufacture of claim I whi^„ c,j - i 

or ciam, I ? wneran said ink comprises water or a solvent. 

23. The article of manufacture of claim ~>2 whir*;,, „.m i * , 
. ^'^-^^re'nsajd solution further comprises a binder 

or bonding agent 

24. The article of manufacture of claina 22, wherein said solution further comprises a 
monomer, polymer, homopolymer. heteropolymer 0r copolymer. 

initiator. 

26. The arte of naaufacu* of data 2 S , wherein ^ ^ , ^ ^ 

a i* rtc. of rfchta ^ ^ ^ ^ h ^ ^ ..^ 

29. ^^"f"-»ftcn«ofcla im 22,w lj ^„^ dMlutooeinter s=j 

dispcrsanL 

30. The article of manufacture of claim 22 wW; n . i ^ ^ . 

... ' WhcrCln 531(1 further comprises an anti- 

bacteria* agent. 

3.. ^^"^ofci^a.^^^^ 

fungal agent. 
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11le ^ ; "^-^.-ofc 1 a im2 2.,^ i „ Jaidso , u , ionfiirihe 
diMfeciamaal/oraliunwOTC ™<« comprises 

5 within aid pol,,,.^ 1 8 ,a "yo>««i«I.mjseis 1!rara ppe d 

36 "j^***^--^-^*- 


15 


37. The article of manufecture of claim 35 wherein srid ,i i 

least one color. ^ ^ at Ieast °- anage is derived fiotn ^ 


3 


38. ^^i**^****.***^^ 

,Cast **» "P^te colors or a mixture .hereof. 31 

39. The article of manufacture of claim 35 wherein «,m « i 

i . wnemn said at least one image is deri^ r~ . 

leastttateseparatecolonoranuWthereof. * 

4 0. The article of manufacture of claim K • 
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4.. A .fed »f ^.^^ t 

Polymer, wherein said po| ymoforalsalols Mn,TO « ! 

44 


1. 


2. 


polymer, and 

forming a lens from said polymer. 


45 ' ^Z^^-^ Mr ^^^^^^. 

mold» g , S p m ^ nillgor , coml , ;nM1 . oitthereof . 

a polymer, comprising: ""^ 3,1(1 

I • printing a digitally encoded imao* *« , 

2. ^-«*«-*-l-.-.--« Bfcm-lllllw , 
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«. A of maldos an „ ^..^ a eModed 

a polymer, comprising: 

I printing an image on at least one first surface. 

2. transferring said image to at Jeast one second surface comprising a 
monomer or a polymer, and 

3. forming a lens from said second surface. 

48. An article of manufacture, comprising 

I- at least one information storage medium, and 
2. at .lest one digital image, 

wherein said at least one di gital ^ corapriscs at IeaM , ^ rf ^ 
image or other image. 

medium is an electronic medium. 

51. The article of manufacture of claim 48 m,u~~:~ -a , 

. . ™ 48 ' Wherc,n 331(1 " 'eas' one information storage . 

medium is in a machine readable format. 

medium 15 associated with a central processing unit 

$3- A system, comprising: 

1- the article of manufacture of claim 46; and 
2. a printing device. 
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54. A composition of matter, comprising: 

1 . an ink, dye. vat dye, particle, pigment, reactive dye or diazo dye; and 

2. binder, bonding agent, monomer, polymer, homopolymer, heieropolymer, 
copolymer, and initiator, UV initiator, thermal initiator, solvent, 
dispersant, anti-bacterial agent, anti-microbial agent, ami-rungai agent, 
disinfectant, thickener, anti-kogating agent or humectant. 

55. The composition of matter of claim 54, provided in a printing device. 

56. A method of doing business, comprising: 

I • obtaining a digital image from a person, database or image; and 
2. printing said digital image on a lens. 

57. The method of claim 56, further comprising the step of producing colors and patterns by 
analyzing said digital image in terms of hue, chroma, intensity. 

58. The method of claim 56, wherein said printing comprises using at least two colors, at 
least three colors, or at least four colors. 

59. The method of claim 56, wherein said digital image includes discrete dots. 

60. The method of claim 56, wherein said digital image does not include discrete dots. 

61. The method of claim 56, wherein said digital image is not a definite pattern. 

62. The method of claim 56, wherein said image is defined by different colors. 
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63. The method of claim 56, wherein color makes a pattern. 
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